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5 provides -during the course of maternal care behaviors -discomfort to the pup (e.g., bites, squashing, etc.). There have been attempts to translate these theories to explain cases of child abuse, who sometimes display attachment to caregivers that engage in maltreatment or negligence (Moriceau & Sullivan 2005) . It should be noted that, despite this enhanced predisposition to acquire olfactory preferences, fetuses and neonates are able to aquire conditioned aversions. For instance, Gemberling & Domjan (1982) found conditioned taste aversion in 1 day old rats; and Stickrod et al. (1982) observed that fetuses exposed in utero to pairings of malaise and a taste/odor stimulus showed aversion to the taste/odor when tested at postnatal day 16.
The artificial nipple technique has significantly fueled the study of early neonatal learning. It employs a device fashioned out of latex, that newborn rats can grasp and attach to, and consume fluids dispensed through it. These behaviors, in turn, can be modulated by odor cues, normally provided by an odor-scented cotton swab attached to the nipple (Petrov, Varlinskaya & Smotherman, 1997) . Previous studies showed that suckling and intake are reduced when the nipple provides quinine or a saline solution; whereas saccharin increases these behaviors. This result suggests that taste detection and discrimination influence suckling responsiveness very early in life (Nizhnikov, Petrov, Varlinskaya & Spear, 2002) . Another study evaluated responses to a surrogate nipple containing nutritive or non-nutritive fluids, over repeated exposures.
It was found that the first intake is regulated by chemosensory processes, while subsequent intake may be related to the nutritional value of the solutions (Petrov, Nizhnikov, Kozlov, Varlinskaya, Kramskaya & Spear, 2004) .
A seminal study indicated that newborn rats can acquire robust olfactory conditioning 3 hours after birth, when a lemon scent (conditioned stimulus, CS) was paired with intraorally delivered milk (unconditioned stimulus, US). Subsequent
6 exposure to the CS triggered significant attachment to an empty, artificial nipple (Cheslock, Varlinskaya, Petrov & Spear, 2000) . Later, studies that employed milk as the US in the nipple technique showed that newborn rats can acquire complex associative learning, such as second-order conditioning and sensory preconditioning (Cheslock, Varlinskaya, High & Spear, 2003) .
Neonatal rats exhibit greater limb movement and grasping behavior towards an artificial nipple scented with a familiar, pre-exposed odor (Miller & Spear, 2008 . It is still unknown, however, if a familiar, pre-exposed odor can modulate intake of basic tastants such as quinine or sucrose. The hypotheses of the present study were that: a) the presence of a familiar odor would increase intake of saccharin and quinine, in newborn rats assessed via the artificial nipple, and that b) this modulation would be associated with behaviors indicative of a shift (from aversive to appetitive or, in the case of saccharin, an exacerbation of an inherent appetitive value) in the hedonic value of these tastants. These hypotheses were based on previous work suggesting that familiarity with odors or tastes early during sensitive periods of ontogeny can result in increased suckling, or increased acceptance of tastants or food later in ontogeny. For instance, Dominguez et al. (1998) observed that Wistar rats exposed to the chemosensory properties of ethanol during gestational days 17-20 exhibited greater consumption of a sucrose-quinine compound than controls exposed to vehicle in-utero.
A number of studies [e.g., Kiefer et al.,(2005) ] suggest that this tastant mimics the taste of ethanol. Pairings of a novel odor and ethanol administration in-utero seem to endow the odorant with reinforcing properties that enhance nipple attachment during the first suckling response (Abate, Varlinskaya, Cheslock, Spear & Molina, 2002) . Moreover, bitter and sour substances are innately rejected by humans, yet this pattern can be
signfcantly altered by early exposure to the volatile component of flavors (for review and references, see Beauchamp & Menella, 2009 ).
General methods

Subjects
Subjects were 165 male and female pups delivered via cesarean section from 29 Health (1986) , within an AAALAC-accredited facility.
Cesarean delivery
Near term (E21) pups were delivered by cesarean section. Isoflurane (Baxter, Deerfield, IL; VetEquip, Pleasanton, CA) was used to anesthetize the dam during cesarean delivery. A midline incision was made through the abdominal wall to expose the uterine horns. A small incision into each amniotic sac allowed externalization of the pups. The umbilical cord was pressed for a few seconds and then cut and the membranes were removed. Finally, each pup was placed into a plastic container (12 cm A C C E P T E D M A N U S C R I P T
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8 long x 12 cm wide x 6 cm high) lined with a moist, sterile gauze, on a heating pad. Once the cesarean section was completed, the anesthetized dam was sacrificed.
Apparatus
Heat chamber. Odor presentation was conducted in a controlled heat chamber (Microplate Incubator, Boekel Scientific, Feasterville, PA) maintained at 35° C. Within the heating chamber, one male and one female littermate were placed into a plastic hexagonal cup (4 cm side, 2 cm high, 5 cm long). Animals pre-exposed to the odor were placed next to a cup with a cotton swab with .1 ml of a lemon scent (Lorann oils, Inc., Lansing, MI). Non pre-exposed animals remained in the incubator without any odor.
Surrogate nipple. The surrogate nipple was cast from rubber latex (AMACO rubber latex, Indianapolis, IN) and molded into a conical form to measure 12 mm long with a rounded tip measuring 1mm in diameter and the base measuring 2.5 mm in diameter. The base of the surrogate nipple was attached to the end of an angled dental probe to facilitate presentation by the experimenter (Petrov, Varlinskaya, & Smotherman, 1997) . Polyethylene tubing (Clay Adams, Sparks, MD) extended throughout the length of the nipple and attached to a syringe containing the solutions.
The syringe had a hole through the upper wall that generated a hydraulic system. Slight negative pressure, produced by the pups while attached to the nipple, was sufficient to extract voluntarily the fluids from the surrogate nipple. In turn, the artificial nipple had an alligator clip attached to it that allowed a cotton swab to be attached and present an odor at the time of nipple exposure. The individual subject was clamped in a semisupine posture into a ''vest'' made from ultra-thin, elastic rubber. This light restraint prevented righting attempts but did not otherwise produce discomfort nor hinder the pups' movements.
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Solutions
The saccharin solutions of 0.1% and 0.015% were prepared by diluting 100 mg or 15 mg, respectively, in 100 ml of distilled water. To prepare 0.1 % and 0.2 % quinine concentrations, 100 mg or 200 mg were diluted in 100 ml of distilled water, respectively (Sigma Aldrich, St. Louis, MO).
Procedure
Immediately after cesarean section pups were placed into heated chambers (based on the experimental condition) and exposed for one hour to a cotton swab with the lemon odor or no odor, according to the group. Subsequently, they were placed for 3 (Experiment 1) or 2 hours (Experiments 2 to 4) into an incubator based on odor exposure to avoid cross contamination of odors. The test began immediately afterwards.
Pups were gently stimulated in the anal/genital region with cotton to induce urination and/or defecation. Subsequently, they were weighed to the nearest 0.01g and placed individually into the test container for 6 min, on a mirror maintained at 35.5ºC ± .5ºC.
The test involved the presentation of different solutions through the artificial nipple in the presence of lemon odor with a gentle application of the tip of the nipple to the perioral area of the subject for 6 minutes. Once the grasp response was made, the rats Warmth and a conspecific were present during odor exposure and the 2-3 h interval to emulate the features of the nest environment. To eliminate the possible confounding of litter with treatment effects, only one subject of each sex from a given litter was assigned to a treatment condition (Holson & Pearce, 1992) . Each condition included an equal number of male and female subjects.
All experiments were recorded in a continuous fashion and subsequently analyzed by two observers blinded to the conditions (reliability between experimenters included > 90% agreement).
Data analysis
In Experiments 1 and 4 Analyses of Variance were run for each dependent variable using Statistica version 8.0. The between-group ANOVAs used odor condition (prior odor exposure or no prior odor exposure) and concentration (high or low concentration) as independent factors. Analyses were supplemented by post hoc comparisons [Tukey HSD test] . In Experiments 2 and 3 independent samples t Tests were run, where the grouping factor was odor condition (prior odor exposure or no prior odor exposure). Across experiments, sex of the animals did not affect any of the measures, thus the analysis was performed collapsing by sex. Significance was indicated when p values were less than or equal to .05.
Experiment 1. Responsiveness to a surrogate nipple providing a sweet taste
(saccharin) in the presence of a pre-exposed odor.
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Experiment 1 assessed the effects of stimulation with a familiar, pre-exposed odor on attachment to an artificial nipple delivering 0.1 % or 0.015 % saccharin. A 2 (odor pre-exposure) x 2 (saccharin concentration) factorial design was employed. Four groups were thus formed: odor-sac .1 (prior odor exposure -0.1% of saccharin in the artificial nipple, n=14), no odor-sac .1 (no prior odor exposure -0.1% of saccharin in the artificial nipple, n=14), odor-sac .015 (prior odor exposure -0.015 % of saccharin in the artificial nipple, n=13), and no odor-sac .015 (no prior odor exposure -0.015 % of saccharin in the artificial nipple, n=14).
Results
The ANOVA for mean duration of nipple attachment indicated a significant main effect of saccharin concentration. Animals exhibited a higher mean duration of grasps with the 0.1% saccharin solution, regardless of the odor condition at initial exposure, F(1, 51) = 5,96, p < .02 (Fig. 1) . Neither pre-exposure to the odor nor the interaction between pre-exposure and saccharin concentration achieved significance (p > .05). The analysis for duration of grasps yielded a marginally significant effect of saccharin concentration, F(1, 51) = 3,59, p < .06. No differences for the two odor conditions were observed in terms of body weight gain, number of grasps and latency to grasp (p > .05).
These results indicate that newborn rats can adjust their nipple attachment behavior as a function of the magnitude of the appetitive reinforcer received. Our hypothesis of greater nipple approach in animals stimulated with the pre-exposed odor, however, was not confirmed.
PLEASE INSERT FIGURE 1 ABOUT HERE
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12 Experiment 2. Responsiveness to a surrogate nipple providing a sweet taste in the presence of a pre-exposed odor, using a short interval between pre-exposure and test.
Experiment 2 replicated the procedures of Experiment 1, but used a shorter interval (i.e., 2 instead of 3 hours) between pre-exposure and test, and pups were exposed to only 0.1% saccharin at test. This concentration was chosen because it had yielded the most robust response in the previous experiment.Two groups were formed:
odor (prior odor exposure -0.1% of saccharin in the artificial nipple, n=10) and no odor (no prior odor exposure -0.1% of saccharin in the artificial nipple, n=9).
Results
Pups pre-exposed to lemon odor were not statistically different from nonexposed pups in terms of body weight gain, duration of grasps, mean duration of grasps, number of grasps and latency to grasp (p > .05; data not shown). This experiment confirms that exposure to a familiar odor does not alter grasps responses or intake to an artificial nipple providing a sweet (appetitive) taste.
Experiment 3. Responsiveness to a surrogate nipple providing a bitter taste in the presence of a pre-exposed odor.
In Experiment 3, grasping and intake behaviors in the presence of a pre-exposed odor were evaluated with the nipple dispensing an aversive solution (i.e. quinine).
Studies with newborn rats reported lower grasping and intake responses to the nipple when using quinine than when using saccharin solution or water (Nizhnikov, Petrov, Varlinskaya & Spear,2002) , a result that suggests quinine induces an aversive hedonic state. Furthermore, tongue stimulation with quinine reliably elicits orofacial disgust
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
13 reactions in different species, including the rat (Berridge, 2000; Grill & Norgren, 1978) .
The aim of this experiment was to assess whether pre-exposure to an odor increases intake and grasp responses towards an artificial nipple containing quinine, in newborn rats. The interval between termination of odor pre-exposure and test was 2 hrs. Two groups were formed: odor (prior odor exposure -0.1% of quinine in the artificial nipple, n=17) and no odor (no prior odor exposure -0.1% of quinine in the artificial nipple, n=18).
Results
Figure 2 shows latency to grasp the nipple, grasping frequency, total time attached to the nipple, average duration of each grasp, and body weight gain during the test. It seems that odor pre-exposure significantly facilitated approach and contact with the nipple, and had a facilitating effect on quinine intake. The statistical analysis supported these observations. Subjects pre-exposed to the olfactory stimulus showed, compared to non pre-exposed animals, significantly greater percentage of body weight gain, t(33) = 3,73, p < .0007; total time graps (attach duration), t(33) = 6,12, p < .000001; number of grasps, t(33) = 3,70, p < .0008; mean duration of grasps, t(33) = 5,02, p < .00002 and latency to grasp the nipple, t(33) = -3,98, p < .0004.
In summary, a pre-exposed odor enhanced seeking and intake of an otherwise aversive solution, such as 0.1 % quinine. These results suggest that the pre-exposed odor may have produced a change in the hedonic value of the aversive reward.
PLEASE INSERT FIGURE 2 ABOUT HERE
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14 Experiment 4. Responsiveness to a surrogate nipple providing a bitter taste solution in the presence of a pre-exposed odor: exploring the boundaries of the effect.
The previous experiment indicated that a lemon odorant, made familiar through pre-exposure, increased the seeking and acceptance of quinine, presumably by altering the hedonic value of this bitter taste. Experiment 4 tested the boundaries of this effect by increasing the concentration of quinine, and hence its innate aversiveness. Thereby the test was performed using 0.1% or 0.2% quinine, in four independent groups: odor-qui .1
(prior odor exposure -0.1% of quinine in the artificial nipple, n=14); no odor-qui .1 (no prior odor exposure -0.1% of quinine in the artificial nipple, n=14), odor-qui .2 (prior odor exposure -0.2% of quinine in the artificial nipple, n=11) and no odor-qui .2 (no prior odor exposure -0.2% of quinine in the artificial nipple, n=14).
Results
As illustrated in .03, pre-exposure to the odor was effective only for animals receiving 0.1% quinine, significantly greater body weight gained than pups that received 0.2% quinine.
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These results replicate those found in Experiment 3 and suggest that preexposure to the lemon odor is not effective to promote subsequent quinine seeking and intake when the intensity of the aversive solution is increased.
PLEASE INSERT FIGURE 3 ABOUT HERE
Discussion
Altricial species have mechanisms that facilitate the infant's attachment process through a great plasticity of maternal odor learning. Given the fact that maternal odor changes based on diet and pups are born without fully developed visual and auditory systems, such plasticity in odor learning allows the pups to find the nest and maternal nipple through smell (Pedersen, Williams & Blass, 1982) . During the sensitive period, that lasts the first 10 days of a rats life, facilitation in the learning of odors is produced to both maternal and neutral smells (Lander & Sullivan, 2012) . In this study, rats were
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16 exposed to a neutral odor (i.e., lemon odor) immediately after birth.
There is a controversy in the literature regarding the ability of rats to recognize flavors at early stages of development. Although previous literature suggests that rats do not detect bitter tastes until PND 10-12, inasmuch as taste buds are not functionally mature until that age (Hall & Bryan, 1981; Hill, Bradley & Mistretta,1983; Schwartz & Grill, 1985) , vast evidence reflects that newborn rats detect and discriminate several flavors, which is evidenced in their ability to respond differentially to them (Kozlov, Petrov, Varlinskaya & Spear,2006; Nizhnikov, Petrov, Varlinskaya & Spear, 2002) . They also react differently to solutions with diverse nutritional qualities (Petrov, Nizhnikov, Kozlov, Varlinskaya, Kramskaya & Spear, 2004) , and acquire complex associations derived from first and second order conditioning, and sensory preconditioning preparations (Cheslock, Varlinskaya, High and Spear, 2003; Cheslock, Varlinskaya, Petrov and Spear, 2000) .
This work also shows that shortly after birth, rats discriminate between concentrations of saccharin and between concentrations of quinine. Given a high concentration of saccharin, there is an increase in the duration and mean duration of grasps to the nipple, compared to animals receiving a lower concentration, regardless of the pre-exposure to the odor condition. Overall, these antecedents show that the intake behavior of newborn rats involves sophisticated mechanisms of taste detection. Future research should elucidate the physiological mechanisms involved in detecting flavors and the interaction of taste and smell senses during early ontogeny of the rat.
The most surprising result of this investigation is that in the presence of a preexposed odor, newborn rats increase intake and grasp responses to the artificial nipple containing quinine, which is considered an aversive solution (Berridge, 2000) . Odor
17 pre-exposed animals exhibited greater percentage of body weight gain and grasping behaviors, and a decrease in latency to the first grasp towards the nipple, in comparison to the control, non pre-exposed group.
An important caveat, however, was the lack of a group pre-exposed to lemon odor right after birth, but tested without the presence of the odor. This additional control could have helped discard alternative explanations related to non-specific changes in behavior due to pre-exposure alone. The addition of a group of animals pre-exposed to lemon but tested under a different yet similarly salient odor could also have helped understand the generalization of the phenomena under analysis. Another useful control would have been animals that received water in the presence of the pre-exposed odor.
This condition could have helped discard the possibility that the increased appetitive responses were emitted due to mere exposure to the odor. This possibility, however, seems unlikely when considering that the pre-exposed odor did not affect saccharin seeking and intake, nor responsiveness towards the higher concentration of quinine.
Experiment 4 assessed the boundaries of the odor pre-exposure phenomenon.
Facilitation of quinine seeking and intake occurred with a moderate (0.1%), but not with a more concentrated (0.2% quinine) solution. Previous work indicated that experiences with chemosensory stimuli produce a change in responses to stimuli of the same sensory modality (Miller & Spear, 2009; Molina & Chotro, 1991) . New information provided by this study is that an olfactory stimulus, that acquired familiarity due to the occurrence of explicit pre-exposure, increased intake of an aversive tastant. The effect did not occur when the nipple delivered an appetitive stimulus (Experiments 1 and 2).
The results could not be explained by mere familiarity with the stimulus. The groups receiving saccharin and pre-exposed to the odor did not exhibit an increase in
18 their responses, although the possibility of a functional ceiling effect cannot be discarded (although the response to quinine exceeded that of the highest concentration of saccharin in almost all measures, suggesting that a ceiling effect is not a highly plausible possibility). Furthermore, moderate and strong concentrations of quinine by themselves produced minimal intake and grasping responses. It seems that in order for this exacerbated increase in behavior to appear, two conditions must occur: odor preexposure, and subsequently the odor has to be presented in conjunction with an aversive taste, in this case, quinine. These results could indicate that pre-exposure to an odor produces an effect of facilitation of intake against aversive solutions, or it could reflect an associative process. This is the first evidence of such phenomena, and future research is necessary to reveal the mechanisms involved.
This phenomenon was observed within a sensitive period in which there is considerable odor learning plasticity. In this period, odor preferences occur, even when a new odor is paired with an aversive stimulus such as electric shock (Raineki, Moriceau & Sullivan, 2010) , tail pinch (Sullivan, Hofer & Brake, 1986) or rough handling generated by maternal care (Raineki, Moriceau & Sullivan, 2010) . Enhanced responsiveness in the present and in previous studies by Sullivan could be due to the fact that during the sensitive period aversive rewards --irrespective of whether they are flavors or painful tactile stimulation, rough handling or tail pinch --undergo an hedonic shift after being paired with odors. This could suggest the presence of a protective mechanism against aversive stimuli to facilitate attachment to the caregiver.
These results relate to studies conducted with human infants. This subjects seem to exhibit a sensitive period, before 4 months of age, during which solutions typically rejected are accepted. For example, hydrolyzed protein hydrolysate milk formulas (PHFs) are extremely unpalatable compared to cow milk-based formulas (CMFs)
because of bitter and sour taste components. Infants showed greater acceptance of PHFs at ages < 3.5 months old (Mennella, Lukasewycz, Castor & Beauchamp, 2011) . From 4 months of age and until adulthood, PHF is rejected, unless the individual has been exposed to PHF during early life. Other related, yet important problems that could be addressed with the model proposed are the acceptance of unpalatable drugs or food, during early infancy. The unpleasant flavor of medicine may cause babies to reject its intake, and result in dose deficiencies, which in some cases can be life-threatening (Mennella & Beauchamp, 2008) . Similarly, healthy foods such as vegetables are usually rejected at least partly due to their bitter taste (e.g., broccoli). Food consumed during childhood is generally accepted in later stages of development and these habits generated at early stages, contribute to individual health. Several diseases are associated with an unhealthy diet, such as obesity and diabetes .
Research with animal models, which consider specific associations of tastes and odors, may help develop techniques to gain acceptance of unpalatable drugs in pediatric populations, as well as food with bitter taste.
The newborn rat represents a neurological model of the human in the third trimester of gestation, thus this preparation could be an animal model of intake behaviors and factors that modulate these behaviors in preterm infants (Petrov, Nizhnikov, Kozlov, Varlinskaya, Kramskaya & Spear, 2004) . Further research is necessary to determine if this is a suitable animal model for studying such phenomena with human babies, but these early results provide fruitful avenues to address the ontogeny of intake responses to aversive taste stimuli. 
NOTES
